INTRODUCTION
Differently to other geophysical data types, it is widely acknowledged that the combined analysis of magnetic and gravity data can reveal physical properties that may easily characterize distinctive rock types within the Earth's crust and contribute to elucidate their very complex geological structure (e.g. Gessner, et al., 2013) . Particularly, when this geophysical information is used jointly, it may attain a resolution power capable of detecting regions of preferential mineral endowment and providing a locus for mineral exploration and targeting (cf. Gallardo and Thebaud, 2012; Johnson, et al., 2013) . For this reason, the joint inversion of gravity and magnetic data along various crustal-scale seismic reflection traverses carried out along Australia is becoming a common practice. Some of these seismic reflection surveys were conducted across the southern Pilbara and Gascoyne regions during April to early July 2010. In order to assimilate density and magnetic properties to the combined interpretation of these seismic profiles, we performed the 2D cross-gradient joint inversion of the gravity and magnetic data currently available along the seismic traverse 10GA-CP2. The corresponding integrated image of density and magnetization contrasts is compared to the interpreted seismic and geological sections reported by Johnson, et al. (2013) .
Gravity and magnetic data
The Bouguer gravity and TMI magnetic data selected for this work comprise an area between the longitudes E115.5° and E118°, and between the latitudes S22° and S26°, which covers the whole extension of the seismic traverse 10GA-CP2; both data sets were provided by the Geophysical Archive Data Delivery System (GADDS) from Geoscience Australia.
For gravity data we selected the Bouguer anomaly (Figure 1 ) directly form the database, whereas the magnetic data were reduced to the pole (Figure 2 ) in order to account for the apparent local direction of magnetization induced by the geomagnetic field acting on the crooked trace of the seismic traverse. For this correction we considered a Geomagnetic field inclination of -58.81 degrees and a declination of 0.145; values extracted from NOAA's IGRF calculator for 1995.
For a full comparison to the seismic traverse 10GA-CP2, we interpolated the gravity and magnetic data at the same CDP coordinates of the seismic section (i.e. sampling at every 20 meters). In order to isolate gravity and magnetic anomalies associated to local (yet crust scale) heterogeneities covered by the seismic profile, a flat regional trend was removed from the gravity data whereas the magnetic profile was averaged to zero. We expect that after this regional removal all the remaining anomalies should originate within the upper crust in the studied region. The resulting gravity and magnetic data profiles are shown in Figures 3a and 4a , respectively.
2D CROSS-GRADIENT JOINT INVERSION
Cross-gradient joint inversion is an integrative method for different geophysical datasets with the aim to search for multiple geophysical models that are structurally matching and fit multiple data sets Meju, 2003, Gallardo and Meju, 2004) . This approach has been applied to data combinations including electric resistivity and seismic travel time data (Gallardo and Meju, 2004) , electromagnetic and seismic refraction data (Gallardo and Meju, 2007) and gravity and magnetic data .
We aim to use the cross-gradient algorithm of Gallardo (2007) to find two sections of the subsurface: one for the distribution of density contrast (Figure 3b) , driven by the gravity data, and
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one for the distribution of magnetization determined by the magnetic data (Figure 4b ).
According to the cross-gradient approach, the density and manetization sections should structurally resemble each other as measured by the cross product of their property gradients. To deal with the ambiguity inherent in unconstrained gravity and magnetic data modeling, we simplify our models by assuming that only negligible density and magnetization contrast exists below 20 km depth. While this approach may disregard some features of the deep structure still visible in a deep seismic section, it allows the variations of density and magnetic susceptibility to better relate to the architecture of the more heterogeneous upper crust.
Geophysical model parameterization and initial guess
The model was divided into regular 2-km wide cells along the distance of the seismic sections. The cell width was increased logarithmically until the complete section extended 100 km beyond the seismic section limits. The transverse section of the profiles was also extended 100 km on each side. These dimensions are set to account for any regional data trend that may still exist in each individual section in every direction, and to focus on the study area. Cell thicknesses are set to vary with depth, ranging from 100 m at the surface up to 2 km at 20 km depth. We note that, as beyond this depth no heterogeneities are assumed to exist, further discretization is not necessary. The initial model was set to zero-density and zero-magnetization contrast and, as described in , the inversion goes through several iterative steps to gradually add heterogeneities and fit the individual data.
Selection of optimal models
In order to attain optimal models, the level of smoothness of the models was adjusted progressively through iterations. At the final stage, the optimal models fit the data set, are structurally correlated, concentrate the heterogeneities in the first 18 km of the crust and, therefore, are deemed as representative of the major local heterogeneities within the upper crust.
GEOPHISICAL INTERPRETATION
The results of the cross-gradient joint inversion are presented as a 'geospectral' image using a colour scale that combines information on density and magnetization contrasts ( Figure  5b ). The geophysical values are maintained between reasonable bounds for average rock property values, which may correlate to major crustal rock types. Following previous interpretations (cf. Gallardo and Thebaud, 2012; Gessner et al. 2013 ) some major units may be identified in the geospectral images as follows: i) Gneiss and metasedimentary (greenorange), ii) magnetic igneous intrusive (red), iii) non-magnetic igneous intrusive (yellow), and iv) ultramáfic rocks (dark colours). It should be noted that property contrasts along the profile are deemed accurate in general, whereas the estimated depths of features are less reliable, as they generally depend on the local dip of structures near the surface.
Geospectral image and seismic correlations
In order to furnish an exact comparison of the features readable from the geospectral image and those previously interpreted from the seismic section 10GA-CP2, we overlayed Figure 7 from Johnson et al. (2013) and our geospectral image (Figure 5b ). It is remarkable that at least 15 structures (marked with letters A to O) can be well identified by their colour in the spectral image. These units are also well delimited by their respective surrounding faults as interpreted from the seismic section: structure A coincides with northern margin of the Yilgran Craton; structures E through J accommodate themselves within the Glenburgh terrane and Gascoyne province; structure G matches the location of the indicated mines of Glenburh (gold) and Dalgety Downs (copper, lead, silver); structures J and K also match the location of mines Yinnetharra (rare earth elements and manganese) and Springs (manganese); similarly, structures L through O extend along the surface expression of the Archean and Proterozoic basins at the north of the profile.
CONCLUSIONS
Geological structures formed by the compression and extension generated in a collision zone, such as the Capricorn Orogen in Western Australia, are abundant of rock diversity and structurally complex and as such, rich on density and magnetization imprints. In this paper we can observe that, despite the known limited resolution of gravity and magnetic data at depth, both data sets can be readily inverted jointly and provide meaningful information of rock properties and distribution that parallels the information that may otherwise only be evinced by a more laborious seismic reflection experiment. The classification of units depicted in the presented geospectral image not only resembled that interpreted previously on the seismic section, but also was able to characterize the heterogeneity even further while distinguishing local heterogeneity within the major seismic structures. 
